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INVESTIGATION OF THE REYTHM OF SLETP AND WAKEFULNESS IN CRZWS
OF THE SPACESHIPS "S0YUZ 3-9" BEFORE, DURING AND AFTER

EXPOSURE TO SPACEFLIGHT
A. N. Litsov
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Abstract: During the course of prepsrations for
gpaceflipght and during its execution the crews

of the "Soyuz-3-9" exhibited similar disturbances
in the rhythms of sleep snd wekefulness (phsse
shift, change in rstic Trom.2:1 to 6:1) asscciat-
ed, on the one hand, with the influence of modif-
1ed deily schedules {primarily of the mizrating
type), and on the other hand, neuropsychlc stress
and weightlessness, The dynamics of higher nervous
activity of these cosmonauts duping space flight
revealed four stsges: first (from the zero to the
second day) ~-- s deteriorstion in the general feel-
ing of well-belng, performance end sleep; second
(from the second to the sixth days) -~ recovery
and retention of functionsl! stste and performance
of the cosmonauts to g high level; thlrd (from
the seventh day) -- a gradual decline in func-
tiongpl stete and performance of the cosmonauts;
fourth {(one or two days prior to the landing)

-- 8 brief increzsse In functionsl state snd per-
formance of the cosmonauts, During the postllight
period there was a genersl slowing in the rate

of resynchronization of the sleep snd waskefulness
rhythms. .

It is known from the dasts publlahiasd in the Soviet and

foreipn literature that the desynchronization of blological
rhivthms arising when using modified daily schedules can lead
not only to & decrease in the overall and occupational per-



formance of cosmonauts, but also in some cases to the appear-
ance of such diseazes as nsurosgis, hypertonis, ulcers, etc,
(Strughold, 1965; Alyakrinskiy, 1969; Aschoff, 1971; Nichol-
son, 1971), From this point of view the spaceflight study of
the characteristics of adaptation of a healthy man to a modi~
fied diurnal regime, in our opinion, is of unguestionable sci-
entific and practical interest. In thls paper we present re-
sults obtsined in a study of the work and rest regimes of

crew members of the "Soyuz 3-9'" in the course of preparations
for and implementation of space flight.

Method

- The investigations were made in several stages:! in the
process of direct preparations for flight (20-30 days before);
in a launchling position {(3-15 days before}; during spsce
flights (from the second to the 18th days) snd during the
postflight period (from the third to the tenth day). _

Crewaz of the spaceships "Soyuz 3-9" participeted in the
investigations. The ordinary Moscow schedule {(zleep from 2300
to 0700 hours) waa used in the final stage of direct preposra-
tiong for flights by &ll crewsz, In the lsunching position two
veriants wsere used: first -- an ordinary Moscow schedule with
brief (+2 hours) gleep snd wakefulness shifts ("Soyuz-9" crew);
gsecond -- the local time or time displaced relstive to the
Moscow schedule by -2 hours ("Soyuz 3-8" crews).

During flight of the "Soyuz-3" spaceship the sleep and
wakefulness schedule on the first day coincided with the local
leunching time {sleep from 2100 to 0500 hours}, during flight
of the "Soyuz L end 5" ships 1t was displaced relative to the
local schedule by =3 hours (zleep from 1800 to 0200 hours),
and during flights of the "Soyuz 4-8" ships -- by +2 hours,
whereas during flight of the "Soyuz-9" ship it was displaced
by +9 hours (sleep from 0800 to 1600 hours), On the days which
followed, ag & result of orbital precession, the rhythom of
sleep and wakefulness during flights of the "Soyuz 3-8" shilps
wsg constant, whereas in the cage of the "Soyuz-9" it was in
impulses shifted In the direction of shortening of the cycle
by an averege of 30 minutes s day. During the postflight per-
iod the rhythms of sleep and wakefulneas coincided with the
lgunching rhythma,

A =2tudy of the sleep and walkefulness reglmes was made
by eveluating: the functlonal state of the cerebrel cortex
and the psychic oerformance of cosmonsuts; dynamics of sleeps
diurnsl and dayiime rhythm of some body functions.



The functional state cf the cerebral cortex was studied
on the basis of EEG data (left snd right frontal-occipital
leads), psychle performsnce was judged from data on the dyna-
mics of simple and complex motor reactions, study of higher
nervous activity using test problems, intersection of =a point
moving across an indicator screen, and simple and complicated
20-gec time tests. The dynamics of sleep Were studied by an
snalysls of motor activity {actograms), the dynamics of pulse
end respiration during sleep, records of sleep in the logzbooks
and reports, specially filled-out forms, etc.The diurnal
rhythm of the pulse and respiration under ordinary conditlons
end during spsceflight were registered each 90-180 minutes on
2 polygraph; in the lsunching position and during the post-
flight peried by hend once to five times a dsy. Body tempera-
ture was registered before and after flight using a thermo-
meter in the left srmpit region simultaneously with the pulse
end respiration. ' :

Regults

In the first stege of study of the sleep and wakeful-
ness regimes the investigations were cerried out under ordin-
ary living conditions (for 20 to 30 days prior to the flight!}.
Tebles 1 =nd 2 show that the functional state snd performance
of ecosmonsuts during this stege virtually did not differ from
the background data. For example, the EEGs for 21l crews ex-
hibited a well-expressed OL -rhythm with a frequency of 9-12
eps and an amplitude of 30-90u. V. In most cosmonauts period-
ically, and in some constantly, the EEG exhibited bursts of ¥ -
rhythm with a frequency of 1}-20 cps and an smplitude of 15-
25§LV. Pathological rhythms (8 and A -waves) in the genersal
EE3 were sbsent. The reactions of the pe-rhythm (latent per-
jods of depression snd recovery periods) to indifferent, sig-
nal and lnhibltory stimull were ordinary. The indlces of
psychic performance obtalned during different periocds of wake-
fulness slso corresponded to typical dynamics {(maximum in the
middle snd minimum at the beginning and end of wakefulnsss),
There were no substantial cheanges during this stage in the dy-
namics of sleep of cosmonsuts. On the basis of the nature of
the detected changes it is possible to discriminate three prin-
cipal types of sleep: the first was characterized by & gradual
deepening of sleep over s period of two to three hours, main-
tenance of deep sleep during the next one to two hours and a
gradual decresse in the depth of sleep dovring the remaining
houra; the secend was cherscterized by s rapld deepening of
sleep during the first one to two hours and 1ts subseguent de-
ecrease during the remaining time; the third was characterized
by 2 greadusal despening of sleop over the firat two or three
hours, a decrease in depth during the neéxt one to two hours,



again a deepening of sleep for two to three hours snd lts sub-
sequent decresse up to the time of awakening. In addition to
the changes in sleep inhibition, during the time of sleep it
Is 8lso possible to note more freguent one- to two-hour fluc-
tustionsg, evidently reflecting (Osweld, 1962; Shepoval'nikov,
1966, ond others) changes from orthodox to psrodoxical sleep
and vice versga,

: The sufficiently hlgh level of the functional state of
higher nervous activity of cosmonauts was alsoc Indicated by

the results of g study of the diurnal rhythm of some body fune-
tions., Cn the bsasis of the collected date it 1= possible to
discriminate two principal types of diurnal rhythm: first --
gingle-phase, with 2 maximum in the middle of wekefulness and

a mininum Iin the middle of gleep, exhibited by most of the
cosmonsuts {(about 80%), The second type was two-phase, with a
maximum a2t 1100-1200 end 1500-1800 hours and a minimum st
1300-1500 and 0200-0400 hours, observed in 20%.

Both in the first snd in the second types 1t 1s pos-
gible te discriminate two other subtypes: one with s maximum
during the early daytime hours of the day {1100-1200 hours)
and a second with a maximum during the evening hours (1600-
2000 hours). #nelysis of the date demonstrated that the first
type was encountered more frequently in cosmonsauts =leeping st
nighttime; the second was encountered more frequently in cos-
moneuts usually resting during the after-dinner hours. The
first subtype (maximum during the early daytime hours) was en-
countered more freguently in individuals working orimarily in
a stressed state during the morning and daytime hours, where-
as the second was in persons working consbtently during the
evening hours.

In the dynamics of the functlonal state of higher ner-
voug asctivity in cosmonsuts 1n s working vpesition it is pos-
sible to distinguish twe principsl periods: 1initiesl or that
assocliated with adaptation to a shift of the diurnal regime
by two hours in accordznce with the new zonal time, and the
preXaunching time proper, governed by neuropsychic stress
prior to the flight. During the first period the functionsal
state of higher nervous getivity of cosmonsuts was influenced
substentislly by a phase shift 1n sleep and wakefulness, As s
result, most of the cosmonauts (crews of the "Soyuz 3-8") dur-
ing the course of the several days after arrlvsl at the start-
ing position exhiblted distinct disturbsnces in their genersl
feeling of well-teing (complaints of dictrection, listlessness,
loss of appetite, etc.), a decresse in verformance snd a deter-
jorstion of sleen (Table 3)., Unfortunstely, the diurnsl rhythm
of sutonomie furictions was not investigated at the launching
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position. But sven those indices which were registered in the
morning hours of the day (pulse rate snd body temperzture)
quite clearly reflect the step-by~step sdaptation of the cos-
monsuts to the new daily regime. Fop example, Figure 1 shows
that in the first group, adhering to a local regime of sleep
and wakefulness, the pulse rate and body temperature (Fig., 1,
1), changing synchronously during the first one to three days,
¥ere maintained st low levels (stege of letent restructuring).
Beginning with the csecond to third dsys, the curves gradually
rose to velues characteristic st the time of swakening under
ordinery conditlons (stage of epparent restructuring), and
then beginning on the fourth to eighth days remained st this

level almost to the very leunching (stage of intense restruc-
turingl. :
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1) Dynsmics of EEG Indices in Crews of Spaceships "Soyuz 3-9"
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preperations stage {three to five days prior to the flight);

3) postflight stege (first to third dey after flight); L) back-
ground date. Changes in OL-rhythm: & -~ exaltation; & «- de=
pression; ##¥# -- exaltation + depression.
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1) Results of Study of Sleep Dynamics in lsunching Position;
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‘Fig. 1. Dynamics of pulse rete and body temperature during the
fnitiasl period of wekefulness of cosmonauts in leunching posi-
tion: 1) groups adhering to local schedule, (sleep from 2100
to 0500 hours); 2) groups adhering to Moscow schedule (2leep

from 2300 to 0700 hours). -A) Pulse, bealcz per minute; B} Dsys

During brief adherence to a local schedule {"Soyuz~-9"
crew), changes in the genersl feellng of well-being, perfor-
mance and sieep, although developing, disappeared rapidly. The



indices of pulse and body temperature for thils group (Figures
1 and 2) changed in waves, but without apparent indications of
restructuring.

Seversl days prior to the launching the dynemics of the
functional stste of higher nervous sctivity in both groups
show sicns of emotional and peychic stress. Tables 1 and 2
show that the indices of the o -rhythm (frequency, amplitude
and index) in comparison with the background dsta were dis-
placed in the direction of a predominance of the high fre-
quencles, evidence (Megun, 1961; Zhirmunskaya, 1963; Peymer,
1960, endé others) of a chsnge in the functional state of the
central nervous system and cerebral cortex to a higher level,
These chenges in the dynamics of higher nervous activity of
cosmonsuts directly prior to the launching cen evidently be
abtributed to a mobilization of the reserve mechanisms of the
higher parts of the centrasl nervous system for & more highe
guality prepsrztion for flight (Barebash, 1968; Simonov, Fro-
lov, 1970; Gazenko, Alyskrinskiy, 1970; Arkhsngel'skiy, et al.,
1971, and others), The fellowing also indicate an optimum lev-
el of emotionzl stress during thisg perlod: the dynsmics of
paychic performence (Table 2, 27, fluctuations in pulse rate
end body tempersture (Fig. 1), secretion of hormones (17-oxy-
corticosteroids ). These matched changes in the EEG, psychle per-
formance, aubtonomic and hormonsl Iunctions, evidently reflect
an incresse in the overall tone of the central nervous system
snd especially the activsting system of the brein, ensuring
optimum functioning of sll body systemsa. In addition, the
neuropsychic stress srising directly prior to the launching
also exerts a negative influence, reducing the quslitative and
gquantitative characteristics of the sleep of cosmonauts {Table
3). However, these chsnges were insignificent and exerted no
substantisl effect on their functional state and performance.

Analysis of the deta collected during space flightbs

- made it possible to detect in the dynsmics of the functional
state and performance of the crews of seversl periods: firat
(from the zero to the gecond day), cherscterized by a consid-
ershle deterioration of the oversail state of well-being, per-
formence and sleep of the cosmonauts (from the third to the
gixth days) -- recovery and subsequent maintensnce of function-
‘g1l state and verformance at the optimum level; third (bezinn-
tng with the seventh and running through the tentn days) -- a
gradual decresse in the functional state and performance of
the cosmonsuts: fourth -- a brief Increase in the functionsl
level of the principal body systems ("finsl burst") in the
performance of tasks involved in spscesiip landing,
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Fig. 2. Diurnsl fluctuastions in pulse rate in crews of the
"Soyuz-3-9" during spaceflight (mean data): A} pulse rate for
crew of "Soyuz-3"; B) pulse rate for "Soyuz-4-5" crews; C)
pulse rate for "Soyuz-6-8" crews; D) pulse rate for "Soyuz~9"
crew; 1, 2, 3, b, 5, 11, .16, 17 ~- dsys of flight. a) pulse
rate, beats per minute; b) hours of day

Due to the smell number and different duration of the
apace. flights (from 2 to 18 days) and due to the relatively
1imited objective material on evaluation of the functionel
state of higher nervous activity end verformance in flight it
ig presently imposzible to determine the duration of thesse
- periods, These verlods were evidently fully observed in their
full scope only during flight of the "Soyuz 9" crew; in other
crews they were partlelly obsarved. The first period was ob-
served in all cosmonauts. It was characterized by a distinct
disturbence in the coordination of movements, an incresse in
the time reocuired for performing simple and complex operations,
.and &n incrense in erroneous operations (Wefedov, et al.,

1969; Yegorov, Kakurin, 1969; Gazenko, Alyakrinskiy, 1970; Vor-
oblyev, 1970, and others). During thils verioed the decrease In
performance was accompanied by a considerable deterioration

in the feelinz of well-being of these cocmonauts (sensation of
push of blood tc the head, sensation of the body being turned
upside down, naugea, discomfort in the abdomen st the time of
gignificant movements, etc.) and sleep disturbance in guanti-



tative and gualitstive respects., During this period the low
level of the functional state of the centrsl nervous system
and performance of the crewa wss indicated by the results of
obgservations of behavior of cosmonsuts by television (Gazenxo,
Alyakrinskiy, 1970, Vorob'yev, et gl., 1970, and others) &and
the indices of registry of autonomic functions (Fig. 2). Fig-
ure 2 shows thet the pulse rate curves, independently of the
employed diurnal regime, for sll crews on the first day chang-
ed approximately identlicslly -~ Increesing sharply at the time
of launching (by 150-200%); they slowly (with insignificant
fluctuestions} decressed up to onget of the next day. On the
second day the curves dropped ofi somewhat or were distorted.
On the following days, if the sleep and wakefulness regims co-
incided or differed insignificantly from the ordinary reglme
("Soyuz-3-8" crews), the curves were in accordance with the
employed diurnal regime, in this case exhibiting a distinct
tendency to a deepening of values during slecp (which indirect-
1y indicated its improvement) and their rise in the middle of
wakefulnese (improvement in functional state). For the "Soyuz-
I and 5" crews the curves also were grsdually shifted to the
right in the opposite direction in comparison with orbitsl pre-
cession and the used diurnal schedule, but in the direction of
their correspondence with the launching regime, but for the
"Soyuz 6~-8" crews, on the other hand, there was s shift to the
.left, coinciding with orbital precesslon, the launching and
flight schedules. Tor the "Soyuz-9" cresw, despite a six to
eight hour shift, the pulse curves alresdy on the second to
third day assumed a shape correspending to the usual (terres-
trial) diurnal schedule znd thereaflter persisted at this level
with small fluctuations during the morning snd daytime hours
(Fig. 2,D).

On spoproximately the second to fourth days all the
crews, according to objectlve snd subjectlve data, exhibit
improvement in the functional state of the higher parts of the
centrel nervous system and performaence, slthough unpleasant
gsenastions still oceur in the body (ruzh of blood to the head,
sensetion of discomfort at the time of abrupt movements, etc.).
On these days there was 8lso a consilderable improvement in
sleep, averaging five to six houre per day. The cosmonauts ex-
hibit high spirits and show a desire snd capaclty for perform-
ing complex, highly coordinated sctivity.

Approximately on the sixth to eighth days the perfor-
wance of the coszmonauts ('Soyuz-9" crew)sgain detericrates. Im-
mediately after sleep the genersl feeline of well-being and the
functional level of the principal systems are still rgther
high. However, fatigue develops es the work progrem is imple-
mented, attaining maximum values by the end of wakefulness.
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During this period restoration of performance of these cosmo-
nauts was attained by the introduction of s dsy off (eleventh
day) and an incresse in the rest period during the course of
the workday. During this period the pulse curves (Fig., 2), al-
though they retained their normal rhytnm, were reduced in com-
parison with the first days. buring thls period the dynsmics
of the sleep for these crew members was virtually the seme as
on the first day, aversging five to seven hours, which is ob-
viously inadequate for recovery of the performance of cortical
cells lost during the course of wgkefulness, since gll this
favored e gradual exhaustlon of the nervous system of these
cosmonauts.

Not long prior to ending the flight (15th-17th day) the
genersl feeling of well-being and performance of the cosmo-
nauts increase somewhat., The pulse curves (see Fig. 2) during
the time of wakefulness sre conzidersbly higher, but during
the time of sleep are lower than on other flight days; this is
spparently evidence of a psrtial normalization of the "sleep~
wekefulness" cycles of cosmonauts. Psychologicelly thils in-
cresge in the functional level of the principal systems of
cosmonsuts cen be attributed, on the one hand, to the close-
ness of spaceflight termination and activation of the reserve
capabilities of the nervous system ('finsl burst”), and on the
other hand, s decrease in the physicel and psychic load, the
introduction of sdditional rest, snd elso deepenlng of sleep
due to the use of soporific drugs, ete.

After completing space flights 2ll crew members on the
first dey exhibited approximately similar changes in the func-
tional state of hicher parts of the central nervous system and
psychic performance, For exsmple, the most chsracteristic dis~
turbences on the first day after flight were: generasl weakness,
increased fatigability despite insigniflicant physical lozds,
changes in the coordination of movements and galt, instability
in mood, a sensation of pressure on the body surlface by an ad-
ditional load up to two units, etc, (Gazenko, Alyakrinskly,
19703 Kakurin, Lebedev, 1971, and others). On the deys which
followed, depending on flight duration, these chenges gradusl-
1y disappeered, During flights up to three days they passed in
the course of seversl hours and minutes; in the coursge of
flights up to four to five days they passed during the course
of several days (one-three days); but after an 18-hour flight
-~ in the course of eight to fourbteen dsys,or more.

In addition to the elready mentioned disturbances, ssso-
clated for the most part with the actlon of weightiessness and
neuropsychic strsss, during the postflight perlod there were
also deviations in the "sleep-wakefulness" rhythm of the cos-
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monauts, expressed in a change in the functionsal state of
higher nervous activity and performance during the course of
the day, sleep disturbance, ghifts in the daytime and diurnal
rhythm of the principal indices, For example, Tables 1 end 3
show that most of the EZG indicesa for crewa on the first to
third days were modified in the direction of a predominance
of high frecuencies; this might be attributable to a high func-
tional level of the cerebral cortex. However, the polyrhythumic-
ity of the EEG, with the presence of burzts of slow waves (5,
O ), phase changes (exaltation and stagnant depression of the
dominating phythm), as well as deterioration of most psycho-
physiologlicsl tests (Tables 2 and 3), indicate an attenuation
of both excitstion snd inhibition processes. These changes
were less well expressed in members of the "Soyuz-3" crew, who
during spaceflight adhered to the ordinary schedule of sleep
snd wakefulness; they were somewhat stronger in members of the
"Soyuz L-8" crews, adhering to schedules with smell degrees of
displacement, snd were most clearly expressed in "Soyuz-9"
crew members, whose diurnal regime over a prolonged perlod was
gisplaced relative to an ordinary schedule by four to eight
ours.

o Tsble U
(1) Pesyantarst nzysennn jumaMigt cHa B HOCACHHAISTHOM TEPIaie
rernECTS O (Ren O
(2) : (3) (4) Rrireasrects e 3.:c1,:lna-z-i-slm } nH
[ AT YR i ]
’ wag, -mu o ,r\:c:lh‘f(“ P e
(1) (8 (9)
¢Emoq 3» 1 =5,20 1] 95 - 48
Q) . 2 7,20 86 20 73
Kouty 11) 7,40 96 20 €0
sCows 4—5» i 5,40 75 5 72
2 G,10 81 (B T4
3 7,20 £0 54 73
‘ Koutpoas 1,00 94 17 G4
¢«Cows 0—8» 1 5,3 83 24 74
: . 2 5,40 85 37 69
. 3 6,20 29 35 €6
L Koutpoas 7,10 $0 20 63
«Cona 9» 3 5,40 . G3 45 44
5 6,10 T3 G5 57
7 8,00 a3 a6 Go
Raorpoas 7,30 94 20 66

1) Results of Study of Sleep Dynamics During Postflight period;
2) Crews; 3) Days; L) Sleep duretion; 5) Time required for fall-
ing ssleep; 6) Quiet five-minute perlods: 7} hours, minutes; 8)
% of total time; 9) winutes; 10) "Soyuz"; 11) control

During the postflight period there were zleep distur-
bances {Table li}] expressed in difficultiess In falling assleep
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(from 4O to 80 minutes), periodic swskenings (two to four times
per night) and a decresse in totsl sleep duration (up to four-
six hours). In the "Soyuz 3-8" crews these dlsturbsnces disap-
pesred on the second to third day; for the "Soyuz-9" crew they
persisted for =z pericd of six to ten days. Sleep recovery for
all crews coincided with improvement in the funectional state

of higher pearts of the central nervous gystem end psychic per-
formance of the cosmonauts.

Puna Loraz ..'1’_ gb) Lors i#-9 Cosos 68 1 funes @
- " {
A

(a) 7
i

&0

“
58}

I

2
<

Fig. 3. Dynamics of pulse rate and body tempersture for crews
of the spaceships "Soyuz 3-9" during the postilight period
(mesn deta for one to three days): 1) postflight period; 2)
control. a) Pulse rate, beats/min; b) Soyuz; c) Hours of day

During the postflight perlod there were also distur-
bences in sutonomic functions. For example, Flg. 3 shows that
the pulse snd body temperature curves for crews adhering dur-
ing spaceflight to modified diurnal regimes were distorted on
the first to third dey. For the "Soyuz-l-8" crews the diurnal
rhythm disappeared on the second to third days, whereas for the
"Soyuz-9" crew restructuring of the indices in accordance with
the new regime wss even completed during the course of eight
to ten days. This slowlng of restructuring of the principal
functions in the "Soyuz-9" crew to an ordinery diurnal regime
was evidently csused by menifestetions of desynchronosls devel-
oping as a result of frequent migration of periods of sleep
and wakefulness during flight. ‘ _

Thus, the chsnges noted in the "Scyuz 3-9" crews were
pesocisted with exposure to & combinatlon of extremal feactors,
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of which the most lmportsnt were: welghtlessness, neuropsychic
stress and diurnsl reglmes of the migresting type.

Procecding on the basis of the materisls cited sbove it
can be postulated that migreting diurnal regimes sare tolersted
by man with considersbly greater difficulty than static re-
gimes snd should be used over a limited period (two or three
deys)., During the postflight period the sleep snd wakefulness
regime of the cosmoneuts to all Intents and purposes gshould not
differ significantly from the flight schedule. Hesynchronizsa-
tion to en ordinary diurnal regime must take place after elim-
inating the principal impairments and recovery of nervous sys-
tem performance.,
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